The development of neuromuscular blockade of the adductor pollkis muscle following vecuronium 0.1,0.15 and 0.2 mgkg" 1 , was compared with the development of intubating condition! and iciphatoiy paralysis. From this relationship, the optimal time after injection required for ideal trachea! intubation was calculated for the three doses of vecuronium. The effects of these doses of vecuronium on the onset, the duration of action and rate of recovery were studied. Vecuronium and "light" thiopentone anaesthesia produced ideal intubation conditions only when complete neuromuscular blockade had been ettabUshed for at least 30s. Intubation could be carried out with minimal reaction 3.3 and 2.5min after the injection of vecuronium O.lmgkg" 1 and 0.2mgkg~', respectively. Pancuronium O.lmgkg" 1 produced good conditions about 3.8min after injection. Suxamethonium l.Smgkg 
wrist. This delivered, through surface electrodes, supramaximal square wave electrical impulses of 0.2 ms duration at a frequency of 0.1 Hz. The resulting force of adduction of the evoked thumb twitch was measured by a force displacement transducer (Statham UC3 gold cell) and displayed on a pen recorder. The preload tension on the thumb was maintained at 300 g throughout the investigation. Once a stable twitch response was established for at least 10 min, vecuronium 0.1,0.15 or 0.2 mg kg" 1 made up to a volume of 10 ml with saline was administered i.v. over 5 s. For control purposes two groups of patients received either pancuronium O.lmgkg-1 or suxamethonium l.Smgkg" 1 in a 10-ml solution over 5 s. To prevent fasciculation, gallamine 20 mg was given i.v. 2 min before the administration of the suxamethonium.
At this point the anaesthetist undertaking the intubation of the trachea took over the management of the anaesthetic and he performed each intubation. With the exception of four patients in the suxamethonium group who showed fine fasciculations of the platysma and eye muscles, this anaesthetist did not know which drug had been given.
After the administration of vecuronium, intubation was attempted when a predetermined degree of blockade of the adductor pollicis muscle had been achieved: 50-60%, 70-80%, 90-100% or 30 s after 100% blockade. After pancuronium or suxamethonium, intubation was performed in all patients when the twitch height was 90-95% depressed. Difficulty in intubation was scored according to a modification of the scoring system devised by Lundh and Stovner (1962) (table II) . Scores of 0-1,2-3 and 4-6 corresponded, respectively, to Lundh and Stovner's original classification of excellent, satisfactory and fair. Ideal intubating conditions were defined as minimum response to the passage of the tube and were given a score of 1 or less on our scale.
The 140 patients in this study were allocated to 14 groups, each consisting of 10 patients (table I) . After injection of the myoneural blocker, the time from injection to inadequacy of respiration or apnoca, defined as a tidal volume of less than 4 ml kg' 1 measured with a Drager respirometer, was noted.
Other observations included: (1) the time of onset of peripheral neuromuscular paralysis, from the end of injection to 100% depression of the twitch height; (2) the clinical duration of the muscle paralysis from the end of injection to 25% recovery; (3) the 25% to 75% recovery index.
One-way analysis of variance was used to determine the significance of differences between groups in most cases. Student's r test was used to determine the significance of the differences between the onset of neuromuscular blockade following vecuronium 0.1 mgkg" 1 and 0.2 mgkg" 1 , and 0.15 mg kg" 1 and 0.2 mgkg" 1 , respectively ( fig. 2 ). The null hypothesis was rejected at P<0.05.
RESULTS

Relationship between neuromuscular blockade and intubating conditions (table III)
Depression of the twitch tension of the adductor pollicis developed concomitantly with the establishment of good intubating conditions. Ideal intubating conditions-defined here as a score of 1 or less-were obtained 30 s after 100% blockade of the adductor pollicis was achieved. This relationship applied to all three doses of vecuronium. In other words, an increase in the dose of vecuronium from 0.1 toO^mgkg" 1 did not produce better intubating conditions earlier than peripheral neuromuscular blockade. However, the onsets of both these phenomena were accelerated equally. Consequently, the time between the injection of vecuronium and 30 s after the establishment of 100% blockade (which corresponds to ideal intubating conditions) was shortened from 3.5 to 2.5 min after vecuronium O.lmgkg" 1 and 0.2 mgkg" 1 , respectively. The duration of action of vecuronium (100% block to 25% recovery) was almost doubled from 21 to 48 min ( fig. 3) , and the offset prolonged slightly (and insignificantly) from 10 to 15 min ( fig. 4) following 0.1 and 0.2 mgkg" 1 , respectively.
DISCUSSION
The time required to achieve "good" intubating conditions after a single injection of vecuronium has been reported by several authors (table V) 
FlO. 3. Effect on the duration of action, from 100% block to 25% recovery, of three doses of vecuronium (mean values!SD).
Numbers in parentheses m number of patients in TVI group. Significant differences (P < 0.01) exist between the three groups. this, good intubating conditions were observed in patients with partial (± 50%) blockade of the adductor pollicis. Mirakhur and colleagues (1983) hinted that the early onset of apnoea after vecuronium i.v., as reported by Norman, Read and du Boulay (1980) , might also be related to an earlier onset of vocal cord paralysis. This study shows that vecuronium produces ideal intubating conditions rather later than total peripheral neuromuscular blockade. One possible reason for these disparities is the technique of anaesthesia associated with the intubation. In this investigation opioid analgesic drugs and inhalation agents that could interfere with breathing or possibly suppress laryngeal and cough reflexes were avoided. We used drugs in minimal doses, titrated so as to maintain spontaneous respiration for as long as possible before tracheal intubation. Fahey and colleagues (1980) also used light general anaesthesia for their studies with vecuronium and their results are similar to ours. However, they injected a further bolus of thiopentone 4mgkg"' just before intubation. Thiopentone by itself in a dose of 5mgkg~' has been reported to relax the jaw sufficiently to permit laryngoscopy (Young, Clarke and Dundee, 1975) .
Another reason for these differences is that, in this study, the time to intubation was calculated only in patients who fulfilled our stringent criteria for optimal conditions, that is, minimal response to the insertion of the tracheal tube. It is clear that a lot of confusion about intubation times arises from the lack of a precise definition of what constitutes ideal conditions for intubation. The presently used scoring systems are too complex and subjective. Furthermore, the common practice of quoting the percentage of patients who could be "satisfactorily" intubated does not help in critical Hinimi situations such as a non-fasted patient with a perforating eye injury, where one must be certain that the patient will not cough on intubation. We would like to propose that all intubation studies aim to establish the dose and time for tracheal intubation under the most stringent conditions: that is, when all, healthy patients having received the minimum amount of anaesthetic drugs do not repond at all to the insertion of the tracheal tube. This could then be called the time for optimal intubation (TOI). Clinicians can then allow for other factors (age, disease, anaesthesia, concurrent drugs, etc.) in other situations and intubate earlier.
This study does confirm the observation by Norman, Read and du Boulay (1980) that hypopnoea preceeds total peripheral neuromuscular blockade by several minutes (table TV) . This also holds true, albeit to a lesser extent, for pancuronium. However, early hypopnoea does not equate with the simultaneous development of good conditions for intubation. Therefore, hypopnoea cannot be regarded as an indicator of the point at which tracheal intubation could be accomplished easily.
As reported previously (Agoston et al., 1980; Engbaek, 0rding and Viby Mogensen, 1983; Mirakhur et al., 1983) ; the onset of action of vecuronium is dose-dependent. In this study, doubling the recommended dose of 0.1 mgkg" 1 changed the time of onset of 100% block from 3 to 2 min. Since good intubation conditions were established 30 s after the establishment of total peripheral blockade, the intubation time was shortened from 3.5 to 2.5 min. We agree with Mirakhur and colleagues (1983) that an increase of the dose from 0.15 mg kg" 1 to 0.2 mgkg" 1 does not improve the onset time ( fig.   2 ). This gain in speed of onset of action was offset by an increase in the duration of action from 25 to 45min after 0.1 mgkg" 1 and 0.2mgkg" 1 , respectively. In addition, the recovery index was prolonged slightly from 11 to 16 min.
To sum up, intubation of the trachea without reaction to the insertion of the tube is guaranteed (even under light anaesthesia) if one waits for longer than 3.5 min after the injection of vecuronium 0.1 mgkg-1 . The injection-intubation time can be shortened by one or several of these manoeuvres: (1) intubating earlier and accepting less ideal intubation conditions (some coughing, movement, etc.); (2) deepening anaesthesia; (3) doubling the dose of vecuronium.
With the third manoeuvre, one expects prolongation of the duration of action by at least 40%. However, this means a duration of some 50 min, which is appropriate for many operations.
